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Nuclear bodiesthan HTLV-2B. The difference is generally attributed to the properties of their
individual transactivating Tax proteins. By using internal Flag-6His tagged Tax-1 and Tax-2B, which display
transcriptional activities comparable to the untagged proteins and can be recognized by a single anti-Flag
antibody, we demonstrate that Tax-2B is modiﬁed by ubiquitination and sumoylation. In addition, Tax2B is
distributed in punctuate nuclear structures that include the RelA subunit of NF-κB, as has been previously
demonstrated for Tax-1.
© 2009 Elsevier Inc. All rights reserved.IntroductionHuman T-cell leukemia viruses type 1 (HTLV-1) and type 2 (HTLV-2)
share a common genomic structure but differ signiﬁcantly in their
pathogenic properties (Araujo and Hall, 2004; Matsuoka and Jeang,
2007). This difference is generally attributed to the properties of their
transactivating Tax proteins, Tax-1 and Tax-2, both of which activate
gene expression via the ATF/CREB and NF-κB pathways (Lewis et al.,
2002). However, these proteins present distinct phenotypic differences,
consistent with a more robust transformation capacity of Tax-1 in
comparison to Tax-2 (Feuer and Green, 2005). These differences include
a unique capacity of Tax-1 to interact with PDZ domain-containing
proteins (Xie et al., 2006), to induce micronuclei formation (Semmes
et al., 1996) and cell cycle arrest in human CD34 cells (Tripp et al.,
2005), whereas Tax-2 has a reduced ability to inhibit the transcrip-
tional activity of the tumor suppressor p53 (Mahieux et al., 2000).
A non-canonical nuclear localization signal present in the Tax-1
amino-terminal domain (Gitlin et al., 1991) and an export signal in the
central domain, control Tax-1 shuttling between nuclear and
cytoplasmic compartments (Tsuji et al., 2007). In addition, Tax-1
intracellular localization is strictly controlled by post-translationaltazzoni).
y.
l rights reserved.modiﬁcations (Lamsoul et al, 2005). Ubiquitination results in its
retention in the cytoplasm and sumoylation results in the formation of
Tax-1 containing nuclear bodies and retention of sumoylated Tax
molecules in the nucleus. Thesemodiﬁcations are also instrumental to
Tax-1 transcriptional activities. Activation of the IκB kinase complexes
by ubiquitinated Tax-1 molecules determines the translocation of the
RelA subunit of NF-κB to the nucleus. In addition, the sumoylated Tax-
1molecules guide the formation of nuclear bodies, which include RelA
and are directly involved in Tax-1-mediated activation of gene
expression (Lamsoul et al., 2005). The cellular localization of Tax-2 is
still a matter of debate. Tax-2 has been reported to be predominantly
localized in the cytoplasm (Meertens et al., 2004a; Turci et al., 2006)
and to use a functional but dispensable nuclear export system
(Chevalier et al., 2005). Whether Tax-2 is post-translationally
modiﬁed is unknown. We have used internally tagged Tax-1 and
Tax-2B to demonstrate that both proteins are modiﬁed by ubiquitina-
tion and sumoylation, share similar intracellular localization, and
activate gene expression via the NF-κB pathway to similar levels.
Results
The functional comparison of Tax-1 and Tax-2B is limited by the
unavailability of a single antibody that recognizes both proteins.
Therefore we sought to develop a tagging system that preserved the
transcriptional activities of both proteins. Our earlier experiments
Fig. 1. Insertion of an internal Flag-6His tag at amino acid 337 in the Tax-1 and Tax-2B
sequences does not affect their transcriptional activities. 293T cells were cotransfected
for 24 h with vectors expressing Tax-1 or Tax-1F (A), Tax-2B or Tax-2F (B) in
combination with the HTLV-1 LTR-Luc or the HTLV-2 LTR-Luc for the analysis of
activation of gene expression via the ATF/CREB pathway or with the HIV-1 LTR-luc for
the analysis of activation of gene expression via the NF-κB pathway. The lysates were
analyzed by western blot with anti-Tax-1 (A), anti-Tax-2 (B) antibodies as well as with
anti-Golgin as a control for equal loading of the different samples. The data of the
luciferase assays are normalized for the amounts of the different Tax proteins as
quantiﬁed on the western blots. The results represent the averages and the standard
deviations of 3 independent experiments and are presented as percentages of the
activity obtained with untagged Tax-1 or Tax-2. Negative (neg) stands for cells
transfected with the empty vector.
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interfered with protein localization and transcriptional efﬁciency
(unpublished observations). Consequently we designed a tagging
system by inserting an internal Flag-6His tag in phase at amino acid
position 337 of Tax-1 (Tax-1F) and at the equivalent position in the
Tax-2B sequence (Tax-2F) (see Materials and methods). This tagging
systemwas designed to enable the detection of both proteins with an
anti-Flag antibody and their puriﬁcation by using the afﬁnity of the
6His tag to Ni-NTA resin. We ﬁrst compared the western blot patterns
of whole cell extracts from 293T cells transfected with the Tax-1F and
Tax-2F expression vectors by using available reagents including anti-
Tax-1, anti-6His and anti-Flag monoclonal antibodies or an anti-Tax-2
rabbit polyclonal antibody. The results are presented under Supple-
mentary material. A single speciﬁc band was revealed for each Tax-1F
and Tax-2F with the anti-Flag monoclonal antibody, indicating that
this reagent was perfectly suited to make a functional comparison of
Tax-1 and Tax-2B.Fig. 2. Tax-2B is modiﬁed by ubiquitination and sumoylation. 293T cells were transfected for
Tax-1F or Tax-2F without (A and B) or with vectors expressing either HA-Ub (C) or HA
immunoblotting with anti-Tax-1 and anti-Flag (A), anti-6His (B) or anti-HA (C, D) antibodieWe then compared the abilities of the tagged Tax-1F and Tax-2F
proteins to activate gene expression via the ATF/CREB and the NF-κB
pathways relatively to their untagged Tax-1 and Tax-2 counterparts. In
Fig.1A, 293Tcellswere cotransfectedwith theHTLV-1 LTR-luc or HIV-1
LTR-luc reporter constructs and the vectors expressing Tax-1 or Tax-1F,
whereas Fig. 1B depicts the activation of the HTLV-2 LTR-luc or the
HIV-1 LTR-luc reporter constructs by Tax-2 or Tax-2F. The transactiva-
tion data of the tagged proteins are expressed as percentages of the
activities of the respective untagged proteins and they are corrected
for the amount of each protein estimated onwestern blot of cell extracts
obtained from the same transactivation experiments. No signiﬁcant
differences were observed, indicating that the internal Flag-6His tag
inserted in the Tax-1 or Tax-2 proteins did not affect their transcriptional
activities. Fig. 1A also includes the transactivation activities of the Tax-1
mutants M22 and M47 as internal negative controls for the activation
of the NF-κB and ATF/CREB pathways, respectively (Sheehy et al.,
2006). As expected, no activation of the HIV-1 promoter by the M22
mutant nor of the HTLV-1 promoter by the M47 mutant, was observed.
Post-translational modiﬁcations, including ubiquitination and
sumoylation, are critical properties controlling Tax-1 intracellular
localization and transcriptional activities. To determine whether Tax-
2B was modiﬁed, 293T cells were transfected with vectors expressing
either Tax-1 or the internally tagged Tax-1F or Tax-2F, both in the
absence and presence of vectors expressing HA-tagged ubiquitin (HA-
Ub) or HA-tagged SUMO-1 (HA-SUMO) (Fig. 2). The Tax proteins were
puriﬁed by Ni-NTA pulldown and ﬁrst analyzed by western blotting,
using anti-Tax-1 and anti-Flag (Fig. 2A) or anti-6His (Fig. 2B). Contrary
to what was observed in whole cell extracts from luciferase assays
(Figs. 1A and B), puriﬁcation of Tax proteins by Ni-NTA pulldown
under highly denaturating conditions led to the detection not only of
the unmodiﬁed 40 kDa form of Tax but also of ladders of forms
displaying molecular sizes higher than 40 kDa. Co-expression of HA-
Ub (Fig. 2C) or HA-SUMO (Fig. 2D) with the different Tax proteins and
immunoblot analysis with an anti-HA antibody indicated that these
retarded Tax species were ubiquitinated and sumoylated forms of Tax.
In addition, the anti-HA blots indicated that Tax-1F displayed ladders
of mono-, di-, tri- and poly-ubiquitinated and sumoylated forms very
similar to those of the untagged Tax-1 protein. This data indicates that
the internal Flag-6His tag does not signiﬁcantly affect themodiﬁcation
status of the Tax-1F protein. A protein band comigrating with mono-
ubiquitinated Tax (Fig. 2C) was detected in cells expressing Tax-1 and
it was also detected in cells expressing Tax-1F and Tax-2F, although at
a reduced level, namely: 10 fold reduction in intensity, Fig. 2B (anti-
6His); 2 fold reduction on Fig. 2A (anti-Tax-1+anti-Flag) and 2 fold
reduction on Fig. 2C (anti-HA). This discrepancy could be due to the
fact that the 6His epitope fused to the C-terminus of Tax-1 clone is
better recognized by the anti-6His antibody than the same epitope
fused at an internal position of Tax-1F and Tax-2F clones. Similarly, the24 hwith either an empty vector (neg) or with the vectors expressing Tax-1 (Tax-16his),
-SUMO (D). The Tax proteins were puriﬁed by Ni-NTA pulldown and submitted to
s.
Fig. 3. Tax-2B is distributed both in the cytoplasm and in nuclear bodies. 293T cells were transfected for 24 h with either an empty vector (neg) or vectors expressing either Tax-1F or
Tax-2F. The cells were ﬁxed and stained by dual immunoﬂuorescence staining with anti-Flag and anti-RelA antibodies and analyzed by laser scanning confocal microscopy. Single
confocal sections of 0.8 μm of cells expressing either Tax-1F or Tax-2F are presented in (A). The zoom images of representative cells in each transfected cell population is depicted in
(B) with the proﬁles of the intensity of the ﬂuorescence for Tax (green) and RelA (red) staining along lines crossing the nuclei. The percentages of cells displaying a distribution of Tax-
1F or Tax-2F only in nuclear bodies (NB), only in the cytoplasm (CY) or both in the cytoplasm and nuclear bodies (CY+NB) was obtained by estimating the distribution of these
proteins among at least 300 Tax-expressing cells.
8 Rapid Communication2 fold reduction in the detection of the ubiquitinated Tax-1F forms as
compared to the ubiquitinated Tax-1 forms (Fig. 2C) could be due to a
less efﬁcient puriﬁcation by Ni-NTA pulldown of the internally 6His-
tagged Tax-1F. Importantly, the anti-HA immunoblots also revealed
that Tax-1F and Tax-2F displayed similar patterns and intensities of
ubiquitinated forms (Fig. 2C). In contrast, poly-sumoylated forms of
Tax-2F were readily detected, whereas the appearance of mono-, di-
and tri-sumoylated formswas drastically reduced as compared toTax-
1F (Fig. 2D). These results indicate that Tax-2B was ubiquitinated and
sumoylated, and that the pattern of ubiquitinated forms was identical
to that of Tax-1. However, the sumoylation pattern of Tax-2B was
predominantly represented by poly-branched forms.
The intracellular distribution of internally Flag-tagged Tax-1 and
Tax-2 constructs in 293T cells was analyzed by confocal microscopy.Given the importance of re-localization of the RelA subunit of NF-κB
within Tax-1 nuclear bodies for its activation of gene expression via
the NF-κB pathway (Bex et al., 1997; Lamsoul et al., 2005), we used
dual immunoﬂuorescence staining with anti-Flag and anti-RelA
antibodies to determine the relative intracellular localization of Tax-
1 or Tax-2B and endogenous RelA. Fig. 3A depicts single confocal
sections of 293Tcells transfected with the Tax-1F or Tax-2F expression
vectors. In Fig. 3B, a zoom image of representative single cells
transfected with either an empty vector (neg) or vectors expressing
Tax-1F or Tax-2F are displayed together with the diagram depicting
the intensity of the ﬂuorescence for both Tax (green) and RelA (red)
along a line drawn across the nucleus. As previously demonstrated for
untagged Tax-1 (Lamsoul et al., 2005), Fig. 3A indicates that the
distribution of Tax-1F is heterogeneous, with cells displaying Tax only
Fig. 4. Tax-1 and Tax-2 activate the NF-κB pathway to similar levels. 293T cells were
cotransfected for 24 hwith vectors expressing Tax-1F or Tax-2F in combinationwith the
HIV-1 LTR-luc reporter construct for the analysis of activation of gene expression via the
NF-κB pathway. The lysates were analyzed by western blot with anti-Flag antibody as
well as with anti-Golgin as a control for equal loading of the different samples. The data
of the luciferase assays, normalized for the amounts of the different Tax proteins as
quantiﬁed on the western blots, represent the averages and the standard deviations of 3
independent experiments and are presented as percentages of the activity obtained
with Tax-1F.
9Rapid Communicationin nuclear bodies (NB) or in the cytoplasm (CY) or both in the
cytoplasm and in nuclear bodies (CY+NB). The percentages of cells
displaying each distribution were estimated among at least 300
Tax-1F- or Tax-2F-expressing cells and the results are reported in
Fig. 3B.
In cells that did not express Tax, RelA was only detected in the
cytoplasm. The percentages of cells displaying Tax-1F only in nuclear
bodies (44%), both in the cytoplasm and in nuclear bodies (51%) or
only in the cytoplasm (5%) are shown in Fig. 3B. Expression of Tax-1F
resulted in a reduction of the intensity of the RelA ﬂuorescence in the
cytoplasm and its relocalization in Tax-1 nuclear bodies as previously
described (Bex et al., 1997). Interestingly, Tax-2F was distributed both
in the cytoplasm and in nuclear bodies in 94% of the cells, and induced
themigration of RelA to the nucleus as well as its concentration in Tax-
2B nuclear bodies as indicated by the proﬁle of the immunoﬂuores-
cence staining for both Tax-2F and RelA (Fig. 3B). The nuclear bodies
assembled by Tax-2F were smaller than those assembled by Tax-1F in
most of the cells. We conclude that Tax-2B was ubiquitinated and
sumoylated, although with a reduced representation of poorly
branched sumoylated forms of Tax-2B. In addition, whereas the
distribution of Tax-1 was mainly in the nuclear bodies or both in the
cytoplasm and nuclear bodies, that of Tax-2B was both in the
cytoplasm and in nuclear bodies in most of the cells. Finally, Tax-2B
induced the concentration of the RelA subunit of NF-κB in nuclear
bodies in a way similar to that used by Tax-1.
Since ubiquitination and sumoylation of Tax-1, followed by the
relocalization of RelA in nuclear bodies, are critical events for Tax-1-
mediated activation of gene expression via the NF-κB pathway, we
compared the abilities of Tax-1F and Tax-2F to activate the expression
of the NF-κB-controlled HIV-1 LTR-luc reporter construct. The data
reported in Fig. 4 indicated that the Tax-2F capacity to activate gene
expression from the HIV-1 promoter was reduced to 64%+/−12% of
that observed for Tax-1F.
Discussion
In this work, we demonstrate that Tax-2B, which shares an amino
acid sequence similarity of 85% with Tax-1, is modiﬁed by ubiquitina-tion and sumoylation. Tax-2B is distributed both in the cytoplasm and
in nuclear bodies and is able to induce the translocation of the RelA
subunit of NF-κB and its recruitment in nuclear bodies as has been
previously observed for Tax-1 (Lamsoul et al., 2005). These compar-
isons are strengthened by the fact that the Tax-1 and Tax-2B proteins
were tagged with the same internal Flag epitope that preserved the
typical transcriptional properties of the two proteins and enabled
their recognition by a single antibody.
Tax-2 intracellular localization has been studied by several authors
and was reported to be predominantly localized in the cytoplasm
(Chevalier et al., 2005; Meertens et al., 2004a; Semmes et al., 1996;
Sheehy et al., 2006; Turci et al., 2006). We have used the recognition of
a common Flag epitope inserted at equivalent positions in the Tax-1
and Tax-2B proteins by the highly speciﬁc anti-Flag antibody to
compare the intracellular localization of these proteins. We conﬁrmed
that Tax-2B is more frequently present in the cytoplasm (95%) as
compared to Tax-1 (56%). In addition, we demonstrated that, in a way
similar to Tax-1, Tax-2B is also localized both in nuclear bodies and in
the cytoplasm in the great majority of the cells. A similar distribution
of Tax-2B in the cytoplasm and in nuclear bodies was also noted by
Sheehy et al., 2006.
The reduced pool of mono-, di- and tri-sumoylated molecules,
observed for Tax-2B, is consistent with a reduced size of the nuclear
bodies assembled by Tax-2B and with an increased fraction of cells
displaying Tax-2B in the cytoplasm with respect to Tax-1. This
correlation is consistent with our previous observation that sumoyla-
tion is critical for the formation of the nuclear bodies and for the
retention of Tax-1 in the nucleus (Lamsoul et al., 2005). However, the
reduced pool of poorly branched Tax-2B molecules appeared to have
no consequence on the formation of, albeit smaller, nuclear bodies and
on the relocalization of RelA in these structures. These data suggest
that poly-sumoylated Tax-2B with branching higher than three
molecules of SUMO might be a determinant in the assembly of
these nuclear structures. The analysis of sumoylation deﬁcient mutant
of Tax-2B should enable us to better understand the role of
sumoylation in the formation of Tax-2 nuclear bodies and in its
transcriptional activities.
A comparative analysis of Tax-1 and Tax-2 transcriptional activities
has been reported by several studies and different results have been
obtained (Endo et al., 2002; Lewis et al., 2002; Meertens et al., 2004b;
Sieburg et al., 2004; Tanaka et al., 1996; Xie et al., 2006; Niinuma et al,
2005). Our careful study using Tax-1 and Tax-2B clones with insertion
of internal Flag-6His tags, which do not interfere with their
transcriptional activities, led to the conclusion that Tax-1 and Tax-
2B share similar, though not identical, abilities to activate gene
expression via the NF-κB pathway (64%±12% for Tax-2B relatively to
Tax-1). Since ubiquitination and sumoylation control both Tax
intracellular localization and its transcriptional activities, the altered
sumoylation pattern of Tax-2B and the changes in the balance
between cytoplasmic and nuclear distribution might explain the
modest reduction in the capacity of Tax-2B to activate gene expression
via the NF-κB pathway.
Our data do not support the hypothesis that differences in
pathogenicity between HTLV-1 and HTLV-2 can be solely attributed
to properties linked to the transcriptional activities of their respective
Tax proteins. Other determinants that control the differential abilities
of Tax-1 and Tax-2B to interact with PDZ domain-containing proteins,
to form micronuclei, to block hematopoiesis or to inhibit the
transcriptional function of the tumor suppressor p53 should be
considered. The differential expression of the recently discovered HBZ
protein by HTLV-1 and HTLV-2 might also govern the pathogenic
proﬁle of these viruses (Xie et al., 2006). The possibility that activities
of Tax-1 and Tax-2 other than their capacity to activate the NF-κB
pathway are involved in the variable transformation activity is largely
supported by other authors (Endo et al., 2002). Our results are adding
new support in favour of this idea.
10 Rapid CommunicationMaterials and methods
Construction of expression vectors
The Tax-2B expression plasmid, pJFE-Tax-2, was prepared by
cloning the fragment obtained by PCR ampliﬁcation of the tax-2B
coding sequence (Turci et al., 2006) in the EcoRI restriction site of the
pJFE14 expression vector (Takebe et al., 1988). The Tax-1F and Tax-2F
plasmids were produced by inserting the sequence coding for the Flag
epitope followed by 6 histidines, at nucleotide position 1011 of the
Tax-1 and Tax-2B coding sequences, leading to in phase insertion of 14
amino acids at amino acid position 337 of the two sequences. The Tax-
1F and Tax-2F constructs were cloned into the pcDNA6.2/N expression
vector (Invitrogen Corporation; Carlsbad, Ca, USA) using EcoRI
restriction sites. The vectors expressing ubiquitin or SUMO-1 tagged
with the hemagglutinin epitope of inﬂuenza (HA) at their amino-
terminus and the reporter plasmids HTLV-1 LTR-luciferase and HIV-1
LTR-luciferase were previously described (Lamsoul et al., 2005). The
HTLV-2 LTR-luciferase was kindly donated by R. Mahieux.
Cell culture and transient expression by transfection
293Tcells weremaintained in Dulbecco'smodiﬁed Eagle'smedium
(DMEM) supplemented with 2 mM L-Glutamine, 10% fetal calf serum
(FCS), 1% penicillin–streptomycin and 1 mM sodium pyruvate (Gibco)
and transfected using the Polyfect reagent (Qiagen Sciences; Valencia,
CA, USA) according to the manufacturer's instructions.
Antibodies
The rabbit polyclonal antibodies anti-HA (Y-11) and anti-RelA (C-
20) were purchased from Santa Cruz Biotechnology. The monoclonal
antibody anti-Flag (M2) was from Sigma and the anti-6His (Penta.His)
monoclonal antibody was from Qiagen. The anti-Tax-1 monoclonal
antibody from hybridoma 168-A51 was obtained from the AIDS
research and Reagent Program, National Institutes of Health. The anti-
Tax-2 rabbit polyclonal serum was kindly provided by R. Mahieux
(Meertens et al., 2004a).
Immunocytochemistry and confocal microscopy
Cells cultured on glass coverslips were transfected with expression
plasmids for 24 h and processed for dual immunoﬂuorescence
staining with the mouse monoclonal anti-Flag antibody and the
rabbit polyclonal anti-RelA antibody followed by the secondary
antibodies, goat anti-mouse immunoglobulin G (IgG) conjugated to
Alexa Fluor 488 and goat anti-rabbit IgG conjugated to Alexa Fluor 594
(Invitrogen). The specimens were analyzed with a laser scanning
confocal microscope (LSM 510, Zeiss) using a 63× objective and light
source wavelengths of 488 and 543 nm.
Ni-NTA pulldown and western immunoblot analysis
293T cells were lysed 24 h after transfection and Ni-NTA pulldown
was done as described previously (Lamsoul et al., 2005). The puriﬁed
proteins were electrophoresed on 4–12% Bis–Tris NuPAGE gel
(Invitrogen), transferred to Hybond ECL Nitrocellulose membrane
(Amersham Pharmacia Biotech), and immunoblotted with primary
and corresponding secondary antibodies according to the conditions
suggested by the manufactures and by Meertens et al., 2004a. The
detection was by Lumi-Light Western Blotting Substrate (Roche) or
Chemi-luminescent Peroxidase Substrate (Sigma Aldrich). Detection
and quantitation of chemiluminescent signals were performed with
the Chemi-Smart 5000 and Bio-1D software (Vilber Lourmat, France)
or Autochemi and Gel Pro Analyzer (UVP BioImaging Systems, CA,
USA).Luciferase assays
Tax-1- and Tax-2B-mediated transactivation of the HTLV-1, HTLV-2
or HIV-1 promoters was assayed by dual luciferase assays. 293T
(1.25×105 cells) were transfected into 12 wells with 50 ng of phRG-TK
(Promega), which was used for monitoring the transfection efﬁciency,
500 ng of HTLV-1-LTR-, HTLV-2-LTR, or HIV-1-LTR-luciferase reporter
plasmids and with 400 ng each of the different Tax-1 or Tax-2
constructs. Cells were lysed and subjected to luciferase assay with a
luminometer TD-20/20 (Turner Designs) using the Dual-luciferase
reporter assay system (Promega).
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